he used a wheelchair because of severe back pain and progressive weakness of his lower extremities, and he suffered from incontinence of 6 months' duration. His weakness was such that he was unable to walk, and a Foley catheter had been used for his incontinence. He had a long history of mild back pain, with progressive restriction of the movements of the thoracic and lumbar spine in the last 20 years.
Examination
Careful clinical examination disclosed that his ear and sclera had blue-black pigmentation (Fig. 1) , and the urine inside the urine collection bag was black (Fig. 2) . Therefore, a clinical diagnosis of alkaptonuria was made, which was confirmed later with positive findings for homogentisic acid oxidase (HGA) in urine.
Neurological examination revealed spastic paraparesis with hyperactive reflexes and upgoing toes. Sensory level at approximately T-12 was noted. Notably, we discovered that several members of his immediate family suffer from the disorder, according to the history.
A radiological survey of the thoracolumbar spine revealed characteristic features of ochronosis, including pseudoblocked vertebrae and intervertebral disc space narrowing, with their marked calcification or wafer-like appearance. Furthermore, the T11-12 intervertebral disc space was widely opened, with sclerotic margins (Fig. 3) .
The T1-weighted sagittal MR images showed hypointensity at the defect; hypointensity was extended posteriorly to the corresponding interlaminar soft ligamentous tissues. The T2-weighted sagittal images demonstrated a hyperintensity at the defect anteriorly, whereas the posterior side was hypointense (Fig. 4) . After diagnosis of pseudarthrosis at the T11-12 region, surgical intervention was proposed, which was accepted.
Operation
After induction of general anesthesia and with the patient placed prone, a midline incision was made at the thoracolumbar region from T-9 to L-2. After stripping off the muscles from the laminae, a long-segment pedicle screw construct from T-9 to L-2 seemed mandatory because of coexisting osteopenia. With a rod on the right side, we used partial laminectomy at the T11-12 interspace to release the dural sac posteriorly from the pressure caused by black-pigmented fibrous tissues and the destroyed ligamentum flavum.
Subsequently, the corresponding disc at the T11-12 level was targeted through the left transfacet pedicle-sparing corridor. Removal of the T-12 transverse process, disarticulation of the left 12th costovertebral joint, and removal of the medial 2 cm of the corresponding rib head allowed more room to access the T11-12 intervertebral disc space as well as the lateral surfaces of the corresponding vertebral bodies. Via this extended exposure, the disc space was widely opened and the remnants of sequestered disc and fibrous tissues, both stained with black pigments, could be removed. The anterior aspect of the dural sac was decompressed with a reverse-angle curette. This resulted in pulsation of the dura mater, indicating adequate decompression. With curettage of the sclerotic endplates, a proper bed for autogenous bone chips and a cage was provided.
Later, after applying distraction on the T11-12 pedicle screws on the left side, the space was sufficiently opened to permit coverage of the floor of the gap with small allograft bone chips mixed with bone marrow aspirate, as well as placement of an appropriately sized banana-shaped cage filled with bone graft. Subsequently the left rod was assembled and the nuts were tightened, with application of compression on the screws to secure the cage (Fig. 5 ).
Postoperative Course
Postoperatively the patient showed marked recovery; at discharge on the 10th postoperative day, he was able to walk with a walker. Biopsy sampling of the defect disclosed fibrous tissue with foci of pigmentation (Fig. 6) . At 3-months follow-up, results of his neurological examination were quite satisfactory and he was able to walk independently. The control lateral thoracolumbar radiograph showed good stabilization and alignment, with proper location of the cage (Fig. 7) . The patient's status was followed via periodic phone calls. Unfortunately, we heard that he had died of a cardiac arrest approximately 10 months after surgery. Autopsy was not permitted. discussion Alkaptonuria is a rare hereditary autosomal recessive disorder characterized by the absence of HGA. 1 Renal clearance of HGA is maintained very effectively in youth. This efficiency is decreased with aging, which eventually leads to the deposition of HGA throughout the body, particularly in the fibrous tissues and cartilages. 4, 5, 19, 34, 38, 40, 59 With deposition of this material, the color of cutaneous tissues turns to blue-black as progressive arthropathy occurs, and urine darkens with exposure to air. 25, 46, 57, 59 At this stage, which is usually during the 4th decade of life, the term ochronosis is used. 4, 5, 19, 34, 38, 40 This is quite different from AS, wherein the symptoms start in late adolescence and early adulthood, and consist of inflammatory spinal pain and stiffness, sacroiliac pain, and decreasing range of spinal motion entailing characteristic postural abnormalities. 7, 64 It also differs from diffuse idiopathic skeletal hyperostosis (DISH), because stiffness occurs late, usually in the elderly. 27, 30 In patients with psoriasis and inflammatory bowel disease (IBD), ankylosis usually begins in early middle age. 8, 41, 64 Surprisingly, all ankylosing states, including ochronotic spondyloarthropathy, are more frequent in males.
Musculoskeletal involvement by alkaptonuria is likely to be noted first in the spine. 4, 5, 19, 34, 38, 40 Spinal involvement, which in particular occurs at the lumbar and thoracic regions, is started with disc degeneration resulting from the redeposit of HGA in the disc space.
Similar to ochronosis, the thoracolumbar region is the most frequently affected site in AS. Even in patients with psoriasis and IBD, spondylitis as well as DISH occur despite the fact that ankylosis starts in the cervicothoracic region, but pseudarthrosis in the majority of the reported cases has been located in the thoracolumbar region. 8, 27, 30, 41, 45, 64 Generally, the clinical picture of ochronosis with regard to the vertebral column is consistent with the pathology retrospectively manifested with back pain and progressive restriction of the spinal movements. 4, 5, 19, 34, 38, 40, 59 In rare instances, the disc affected by deposition of the pigments becomes degenerated and might protrude or extrude posteriorly, with a clinical picture of disc herniation. 10, 20, 23, 24, 28, 35, 47, 62 The scenario of disc herniation usually occurs in the lumbar region and, since Feild et al.'s report in 1963, 9 more cases have been published so far. 20, 23, 24, 28, 35, 44, 60 Herniation of an ochronotic disc at the thoracic spine causing myelopathy is extremely rare, and has been reported on only 1 occasion. 63 It should be noted that herniated disc has not been seen in other ankylosing states. However, in the majority of patients with ochronosis, degeneration of the discs caused by deposition of the pigments occurs very slowly, resulting in narrowness of the disc space and its calcification.
25 Surprisingly, narrow disc space is only seen in ochronosis and is absent in other ankylosing disorders. Syndesmophyte formation secondary to progressive disc degeneration, combined with ossification of the anterior longitudinal, interspinous, and flaval ligaments, results in stiffness of the vertebral column. Shortness of the anterior column, stooping, and kyphosis, which are the ultimate result in other ankylosing disorders, are less severe in ochronosis. 6, 32, 39, 51, 58 In such circumstances, the clinical picture with regard to the vertebral column is consistent with the pathology manifested with back pain, accompanied with progressive restriction of the spinal movements. Rarely, multilevel degeneration and protrusion may cause spondylosis, resulting in neurogenic claudication in the lumbar region. However, multilevel thoracic spondylosis entailing myelopathy is an extremely rare event in ochronosis. 3, 47, 48 Nonetheless, the overall alignment of the spine in long-standing ochronosis might be mild kyphosis, which is not usually confused with AS. 6, 31, 32, 34, 51 The most frequent extraspinal joint involvement in ochronosis is symmetrical sacroiliac pain. Peripheral joint arthritis develops in the late stage and generally affects large joints such as the hip and knee. By the age of 55 years, 50% of these patients have a history of hip or knee arthroplasty. Tendonitis related to pigment accumulation in collagen-rich tendons of the large joints results in limitation of the active and passive movements of these joints. Tendon involvement is not the cardinal feature of AS. Nonetheless, in patients with psoriasis and IBD, sacroiliitis is asymmetrical and only small joints are affected. 41, 64 In DISH, sacroiliac pain might be seen but peripheral joint involvement due to this disease is not demonstrated, and if patients are affected, it is age related. 27, 30 The characteristic radiological features of the spine are as follows. The disc spaces are markedly narrowed and the discs are heavily calcified in the periphery, with a wafer-like appearance. 6, 32, 34, 39, 40, 51 The presence of multiple so-called vacuum discs is another striking feature of spinal ochronosis. 17 However, with progression of the disease, marginal sclerosis of the vertebral bodies accentuated by osteopenia and reactive marginal osteophytosis results in bony bridges. Occurrence of these bridges at multiple levels is known as pseudoblocked vertebrae. 6, 32, 39, 40, 51, 58 Some radiographic similarities, such as the presence of squared, osteopenic vertebral bodies and bridging syndesmophytes, are frequently seen in other diseases that manifest with ankylosed spine. 9, 16, 34, 55 This can easily result in confusion in establishing the correct diagnosis, in particular in the disease's early stages. However, there are distinctive features that play an important role in the differential diagnosis of ochronosis from seronegative spondyloarthropathies such as AS, psoriasis, and IBD, as well as other spondylopathies such as DISH. Actually, in these diseases the height of disc spaces remains normal-in contrast to ochronosis, in which intervertebral discs are markedly narrowed and calcified. 5, 9, 16, 26, 34, 55 The involvement of apophyseal joints, which starts from inflammation and continues to ultimate fusion, favors a diagnosis of seronegative spondyloarthropathies rather than DISH and ochronosis. 9, 16, 34, 55 Furthermore, a bamboo-like appearance, which is due to anular ossification in AS, is not demonstrated in ochronosis.
Moreover, complete ankylosis of sacroiliac joints, consistent with Grade IV sacroiliitis, is one of the striking features of AS. In ochronosis, symmetrically affected sacroiliac joint demonstrated as sclerosis is frequent, but the joints are never fused. In these diseases, sacroiliac joints are affected symmetrically because asymmetrical sclerosis of these joints and fusion of the joints never occurs. [32] [33] [34] Enthesopathic changes manifested as whisker-like new bone formation at the ischial tuberosities and sclerosis at both lesser trochanters are only seen in AS and are not demonstrated in other ankylosing disorders.
Reconstructed CT images can clearly show the characteristic features such as abundant marginal osteophyte formation, as well as narrowed disc spaces and their calcification. Multiple vacuum phenomena inside the disc, which is another feature of ochronosis, might be demonstrated on CT scans. 6, 31 On MR images, in the early stages the intensity of the affected disc usually does not differ from those being degenerated without ochronosis. In this period the involved discs are uniformly isointense on T1-weighted images, suggesting widespread degeneration of the vertebral column. 6, 15, 29, 31, 63, 65 Late in the disease, the striking feature is the narrowing of the disc spaces, which is accompanied with hypointensity of the disc material on T2-weighted images due to calcification. However, if the vacuum phenomenon is present in the disc space, it might be demonstrated as hyperintensity. 17 There is a low tendency for patients with ochronotic spondylosis to have positive findings on the HLAb27 serum assay. However, this does not mean there is an association of this disease with AS, in particular if it is compared with the frequency of 7%-8% found in the Caucasian population. 9, 16, 26, 55, 63 In very rare instances in which an individual with ochronosis has some features of AS and positive HLAb27 findings, the distinct clinical aspect and pathognomonic radiological features of ochronosis are the only clues for accurate diagnosis. 
overview of pseudarthrosis
One of the most serious complications of an ankylosed spine is the destructive discovertebral lesion designated as pseudarthrosis. 2, 7, 11, 18, 21, 22, 36, 50, 52, 53, 66, 67 History
Pseudarthrosis is a well-known complication of ankylosing diseases of the spine, which usually occurs as a localized discovertebral destructive lesion. This pathology was first described by Andersson in 1937 in AS. However, sterile spondylodiscitis, Andersson lesion, and destructive discovertebral stress fracture are the terms that have been used to describe similar conditions. Pseudarthrosis is mostly seen in AS, but it is not confined to this disease and can occur in other ankylosing disorders such as DISH, psoriasis, and IBD.
Incidence
Although the estimated prevalence of this complication in AS ranges from 1% to 16%, 2, 7, 18, 22, 36, 56 its occurrence in DISH, psoriasis, and IBD seems to be extremely low. 8, 27, 30, 41, 45, 60, 64 Pseudarthrosis in DISH was first reported by Quagliano et al. in 1994; they reported 2 cases of spontaneous pseudarthrosis with DISH in the thoracolumbar region, and since then only 4 more cases have been published so far. 27, 30, 45, 61 Pseudarthrosis in patients with psoriasis was first reported by Schilling et al. in 1990, and it was reported in patients with IBD by Calin and Robertson in 1991. Since then, only a few cases of pseudarthrosis due to these 2 diseases have been published so far. 8, 41, 45, 61 However, to the best of our knowledge, not a single case of pseudarthrosis as a sequela of ochronosis has been published previously. 69 
Pathogenesis
Two different etiologies have been postulated for development of pseudarthrosis in ankylosing states. 7, 22, 70 A theory that has become more widely accepted combines the inflammatory process with additional mechanical effects such as repeated stress and minor traumas. According to this theory, the forces that occur as a result of daily activities are not equally distributed over all discovertebral joints in an ankylosed spine. This means that there are areas that are skipped and segments that have less extensive bony bridging. 7, 22, 70 These local areas of weakness are more exposed to daily stresses, which permit an excessive degree of mobility associated with inflammation. The consequence of increased gravitational stress concentration and repetitive minor traumas at these inflamed sites is to provoke disruption. Subsequent replacement and repair of the defect by fibrous tissues results in local nonunion or pseudarthrosis. Actually, in up to 70% of cases, pseudarthrosis occurs spontaneously, which can be explained by the above-mentioned theory. 7 However, events such as trivial falls or minor blunt traumas might occur long enough before the development of symptoms in the remaining 30% to support the trauma theory. 22 Regardless of the cause of pseudarthrosis, discovertebral destruction and its subsequent replacement with fibrous tissue starts at the intervertebral disc and extends posteriorly to the posterior ligamentous structures and the apophyseal joints. 2, 12, 13 Spinal pseudarthrosis (SP) generally develops over many months or years after the corresponding vertebral column has been affected by an ankylosing disease. An SP characteristically involves a single vertebral level, and involvement of 2 or more levels is seen occasionally. The thoracolumbar segments, being subjected to the highest stress concentration in an ankylosed spine, are the most common site of pseudarthrosis. 7, 22, 37, 52, 53, 67 In fact, thoracolumbar segments are the most common site of pseudarthrosis in all ankylosing states. 8, 27, 30, 41, 61 Despite the fact that in patients with psoriasis, IBD, and DISH, ankylosis starts from the cervicothoracic region and extends gradually toward the thoracolumbar region only in later stages, the cervical segments remain the least susceptible location for development of SP.
27,64

Classification
In 1972, Cawley et al. classified SP found in patients with AS into 3 types according to the lesion's localization: Type I (central), Type II (peripheral), or Type III (extensive). The first 2 types occur earlier in the course of the disease, and the extensive type (Type III) happens late. Another synonym for a Type I or central lesion is discovertebral, and for Type II or peripheral lesions another term is the endplate-destructive type. In the extensive type or Type III, coexistence of a discovertebral lesion and extensive destruction of the endplates of the corresponding vertebrae are demonstrated. Regardless of the type, destruction is usually extended to posterior elements. 11 Actually, the presence of a defect in posterior elements is an essential component in the development of an Andersson lesion.
Age and Sex
Surprisingly, pseudarthrosis seems to be more common in male than in female patients in all ankylosing disorders. Occurrence of pseudarthrosis in AS varies from early adulthood to middle age. However, pseudarthrosis in patients with psoriasis and IBD has been seen in the middleaged group, whereas in patients with DISH it occurs only in the elderly. 8, 27, 30, 41, 45, 61, 64 
Clinical Manifestation
The appearance of sharp and persistent back pain in patients who are already suffering from stiff back and kyphosis is the cardinal feature of pseudarthrosis in all ankylosing states. Severe back pain originates from the site of instability, with local tenderness in percussion at the level of pseudarthrosis. Pain usually diminishes with rest and increases with motion. 7, 22, 66, 67 If pseudarthrosis occurs at the apex of kyphosis, this deformity might be corrected, at least partially.
Both pain and neurological symptoms are secondary to the compressive effect of abnormal fibroosseous tissue proliferation, destroyed disc, endplates, and yellow ligaments on the dural sac circumferentially. 2, 7, 22, 66, 67 In up to 20% of patients pseudarthrosis might remain asymptomatic, particularly in the midthoracic region. 22, 42, 56 The explanation is that the process of destruction ceases and pseudarthrosis becomes inactive. 42 
Pathological Findings
These lesions have a variable histological appearance. Usually the intervertebral disc space is replaced by fibrous tissue. Fragments of necrotic bone and cartilage are often present inside the specimen. Mild inflammatory changes with infiltration of plasma cells, lymphocytes, and macrophages might be found in vertebral borders. 2, 22 This abnormal fibrous tissue has tight adherence to the dura mater both anterior and posterior to the theca. In ochronosis, black pigmentation is seen in the fibrous tissue.
Imaging Studies
Plain Radiographs. In both symptomatic and asymptomatic subjects, disruption of syndesmophyte, osteolysis of the endplates, and widened intervertebral disc space surrounded by reactive sclerotic changes are seen at the site of pseudarthrosis. 12, 18, 21, 36, 49, 50, 53, 67 Osteolytic destruction is shown as a translucent line that starts from the disc and extends to the posterior element. The lesion might partially correct the preexisting round or angular kyphosis. 12, 18, 49, 53 These features of pseudarthrosis are not confined to AS. A similar picture is seen in other ankylosing states, as was demonstrated in our patient with ochronosis. 8, 27, 30, 41, 45, 61, 64 Although the diagnosis of pseudarthrosis or Andersson lesion might be established on conventional radiography, the advent of new imaging techniques such as MRI and spiral CT offers the possibility of new approaches to defining the radiological features and providing additional necessary information about symptomatic and asymptomatic pseudarthrosis.
Computed Tomography. Computed tomography is superior to conventional radiography in determining the extent of pseudarthrosis, in particular involvement of the posterior elements, which will probably not be visible on plain radiographs. 7, 12, 36, 53, 67 In reconstructed sagittal CT scans, pseudarthrosis is depicted as a wide bony gap in the spinal column extending from anterior to posterior and demonstrated as irregular vertebral or discovertebral osteolysis with reactive sclerosis. Variable osteophyte formation toward the neural canal, nonfusion of the facet joints, and vacuum phenomena are other features in reformatted images. However, differentiation between symptomatic and asymptomatic cases is not possible with the application of this modality. 7, 12, 36 Magnetic Resonance Imaging. This is considered to be a. rahimizadeh et al.
the best modality for detection of pseudarthrosis; it is the one with the highest sensitivity. 7, 36, 38, 52, 66 In symptomatic cases, the affected intervertebral disc space is demonstrated as an irregular lesion with decreased signal intensity on T1-weighted MRI. The corresponding vertebral bodies are hypointense at the borders surrounding the affected region. These borders show rim enhancement on Gd-enhanced T1-weighted MRI, and the vertebral body signals are slightly increased.
This hypointensity on T1-weighted images turns to hyperintensity on T2-weighted images. 7, 36, 38, 52, 66 Infrequently, pseudarthrosis may be exhibited as a heterogeneous lesion, depending on the consistency of the necrotic tissues. 21, 38, 52, 53, 67 The vertebral body signal adjacent to the disc becomes hyperintense because of the existing bone marrow edema. Furthermore, MRI has the highest sensitivity for differentiation between inactive and active cases. In asymptomatic patients with inactive disease, the affected lesion has a hypointense signal both in T1-and T2-weighted MRI because of inactivity.
Treatment
Appropriate treatment is mandatory for SP in patients with intractable back pain and neurological deficits, but asymptomatic cases only require periodic evaluation. Treatment for symptomatic pseudarthrosis is either conservative, with immobilization in braces, or surgical, but the strategy should be individualized. 7, 22, 56 Conservative Treatment. In conservative treatment, no trial showing the ideal duration of immobilization exists. However, this strategy works better in less mobile thoracic segments than in the more mobile thoracolumbar and cervical spine. In such cases, although amelioration of pain might occur with conservative treatment, healing and bony bridging is less likely despite a high capacity for healing in ankylosing diseases.
Surgery. The principal management for symptomatic pseudarthrosis that fails to resolve with conservative treatment is surgery. In addition, surgery is highly recommended when extensive destruction in association with neurological involvement exists, in particular in mobile segments of the thoracolumbar and lumbar regions. The most effective and safe surgical procedure for symptomatic thoracolumbar pseudarthrosis is still controversial. Several methods of surgery have been advocated, including posterior, anterior, and combined anterior-posterior procedures.
A thorough review of the literature revealed that 1-stage or staged combined 360° anterior-posterior surgery with debridement of all necrotic tissues from the gap and placement of a cage or an appropriately shaped autograft, followed by interlaminar laminectomy and posterior instrumentation, are the most frequent type of surgical mode in the treatment of pseudarthrosis in all ankylosing conditions. 14, 37 This mode of surgery is useful in preventing the progression of kyphosis and in providing some correction of preexisting kyphosis. For this purpose, after debridement of the defect, with manual pushing of vertebrae anteriorly, maximum opening of the defect and its packing with an autogenous bone graft of optimal size can be achieved, so that correction of the kyphosis can be reached. The average correction of kyphosis will be 20° by this means. 14 Notably, because of the associated osteoporosis, a long construct or cement augmentation might be justified. Some who prefer this strategy suggest adding a Smith-Petersen osteotomy to 360° surgery whenever focal kyphosis of a greater degree coexists.
The anterior-only approach with debridement and autogenous bone graft described by Fang et al. had the disadvantage of nonunion, which occurred in 2 of their 13 reported cases. 22 Furthermore, canal compromise by posteriorly located fibrous tissue is not targeted.
If pseudarthrosis is associated with marked kyphotic deformity, besides achievement of solid fusion at the site of pseudarthrosis, another goal of surgical treatment should be to restore sagittal alignment and correction of the kyphotic deformity. For this purpose, opening and closing wedge osteotomies have been postulated. With consideration of the unique ability to bridge the ventral gap in AS, in 2006 Chang et al. proposed opening wedge osteotomy combined with posterior instrumentation and fusion as a sufficient mode for management of pseudarthrosis. 13 They have proved that the fractured part of the vertebral body or the gap fills and ossifies with time. However, opponents of this treatment believe that surgical decompression (which is the mainstay of treatment in the presence of neurological deficit) is not targeted, although kyphosis of marked degree is corrected.
In 2006, Van Royen et al. described their method as consisting of posterior closing wedge osteotomy at the vertebra, 1 level below the site of pseudarthrosis, and cleaning of the adjacent affected disc space via the same approach. 6 They believed that with this procedure both the kyphosis and the pseudarthrosis could be targeted, resulting in correction of the former and healing of the latter. Accordingly, anterior solid fusion can occur without grafts, considering the superior healing ability that exists in all ankylosing diseases. In 2012, Qian et al. introduced closing wedge osteotomy or pedicle subtraction osteotomy at the level of the pseudarthrosis, supplemented with anterior fusion in a second stage.
The posterior-only approach, which was described in the current case, might be an acceptable alternative to previous methods, with the advantages of decreased time of surgery, blood loss, hospital stay, and obviation of the need for anterior surgery. This mode is likely preferable for those with moderate kyphosis. In a very careful review of the literature, and to the best of our knowledge, the application of this approach has not been mentioned for pseudarthrosis. This 360° surgery via a posterior-only corridor can provide adequate exposure for complete debridement and, with optimal distraction, can prepare a suitable bed for placement of an appropriately shaped autogenous graft or cage. Furthermore, posterior cord decompression, establishment of anterior column height, and correction of local kyphosis become possible, and adding long-segment posterior instrumentation will guarantee the alignment and stabilization.
Outcome
Significant pain relief and improvement of clinical visual analog scale scores are usually obtained postopera-tively, regardless of the type of surgery. An average improvement of 4-8 points in the pain scores has usually been reported. Furthermore, the majority of patients with neurological deficits usually show marked improvement after the operation. Up to 87.5% of patients are quite satisfied and can return to their previous activities in less than 3 months after surgery.
conclusions
With the appearance of sharp and severe local back pain, SP should be considered in all patients who have already suffered from an ankylosing disorder. It should be noted that this complication is not confined to patients with AS, DISH, psoriasis, and IBD, but can affect other states such as ochronosis-although this is rare. Furthermore, the imaging investigation of a patient with inactive stiff-backed disease is necessary once local back pain of severe intensity appears. Unbearable pain and progressive neurological deficits are the indications for surgery. With increased popularity of the posterior-only approach, which has recently been applied in different spinal pathologies, the proposed corridor might be an alternative option in the management of pseudarthrosis, instead of combined anterior-posterior surgery.
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